We present a theory and a tool for the treatment of problems arising when a decision making agent faces a situation involving a choice between a finite set of strategies, having access to a finite set of autonomous agents reporting their opinions. Each of these agents may itself be a decision making agent, and the theory is independent of whether there is a specific coordinating agent or not. Any decision making agent is allowed to assign different credibilities to the statements made by the other autonomous agents. The theory admits the representation of vague and numerically imprecise information, and the evaluation results in a set of admissible strategies by using criteria conforming to classical statistical decision theory. The admissible strategies can be further investigated with respect to strength and also with respect to the range of values that makes them admissible.
Introduction
Distributed AI emerged as a research field in its own right around 1980 [1] and a partition is often made into distributed problem solving systems ( DPS s) and multi-agent systems ( MAS s). In the former, there is a global task that needs to be solved and usually a global notion of utility that can constrain the actions of the intelligent agents. In MAS s, by contrast, there is no such global notion of utility (cf. [2] ). Both parts of distributed AI are important to information systems. The DPS part covers the case when a coordinating agent controls a set of agents in order to accomplish some task in a distributed way. The MAS part covers the case when a set of agents must act on their own without the immediate aid from a coordinator.
The development of autonomous agent intelligence in recent years has affected the design of information systems in several ways, not least in that issues of computational complexity have come into sharper focus. One main issue of distributed artificial intelligence is how a group of agents can cooperate in order to solve different kinds of tasks and how such a system of agents can be coordinated. Not much work has been done based on results from the area of multi-criteria decision aid ( MCDA ) (cf. [3] ) for handling such problems. Other aspects of decision theory, however, have influenced the area of MAS s (cf. [4] ), partly as a result of philosophical aspects of agent rationality [5] , and partly because of interest in extending the principle of maximising the expected utility in efficient real-life applications [6] . The viewpoint taken in this paper is that MCDA is well suited for the treatment of systems of cooperating agents. A typical multi-criteria decision model is depicted in Fig. 1 . In the figure, the C j :s, S i :s, and R ij :s respectively denote the criteria , strategies , and results under consideration. If, for example, the decision situation consists of buying a car, some relevant criteria could be speed, safety, and durability. In the model, if the strategy S 1 is adopted (i.e. buying a particular car), the results obtained will be R 11 , R 12 , …, and R 1k . Each R 1j then denotes the outcome with respect to criteria C j . The decision situation could then be evaluated relative to the weigths of the criteria according to the decision maker and his preferences among the R ij :s.
The strategies may, for instance, be evaluated by a decision rule based on the principle of maximising the expected utility, where the expected utility of the strategy S i , E(S i ), by c 1 u i1 + … + c k u ik . c j denotes the weight of the criteria C j , and u ij denotes the utility of R ij . Our work on distributed AI treats scenarios where a decision making agent ( DMA ), which in cooperative information systems may be a human coordinator as well as another agent process, faces a situation involving a choice between a finite set of strategies {S i } having access to a finite set of autonomous agents {A i } reporting their opinions on the strategies to the DMA , see Fig. 2 .
In a situation modelled as in Fig. 2 , some agents may be more reliable than others when evaluating the strategies involved, since different agents may have different capabilities to determine the utilities. The DMA may also have access to assessments expressing the credibility of the different agents.
This situation maps conveniently into the multi-criteria situation. The different attitudes of the agents correspond to the different criteria in the MCDA model in Fig. 1 , and the decision can be evaluated with similar techniques. However, for the agents to carry out their tasks and to acquire sufficient and reliable knowledge en route , it is fundamental that they are able to evaluate information gathered from different sources, some unreliable and some noisy. The dynamic adaptation taking place over time as the agents interact with their environment, and with other agents, is affected by the means available to assess and evaluate imprecise information.
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It is natural to check how sensitive the different proportions are to changes in the information frame. The DMA can simultaneously vary any number of intervals to discover credibility or strategy variables that are especially critical.
Assume that the DMA wants to investigate whether it is meaningful to allocate resources to agent A 1 for collecting supplementary information about strategy S 3 . Before doing that, the DMA wants to investigate how influential the report from the agent is. For instance, the DMA can restrict the maximum utility of u 31 to 0.6 instead of 1 and evaluate the modified decision situation. Fig. 6 shows the result for strategy S 3 . The strategy is now slightly worse than strategy S 1 . The new information does not change the results shown in Fig. 3 or Fig. 4 . The DMA may now interactively proceed in this way to investigate critical reports in order to gain a better understanding of the decision problem and finally reach a conclusion. s
Concluding Remarks
In this paper, we present a method for the evaluation of how reports from sets of autonomous agents from a decision analytical viewpoint. We have shown how a decision making agent can make use of imprecise and possibly incomplete reports made by different autonomous agents when deciding which action strategy to adopt. The approach models a decision problem in a structured way by using informal and numerically imprecise statements. These statements are then translated into a suitable representation and the strategies are evaluated with respect to admissibility. The set of admissible strategies is usually too large after a first evaluation and the situation needs to be analysed with respect to further discriminating principles. Therefore, the concept of proportion is introduced as a complement to Monte Carlo approximations. The proportion indicates how much the different intervals can be reduced before different strategies cease to be admissible.
To allow for a flexible analysis of a decision situation, a tool such as the one described in this paper should contain the possibility of analysing the situation with respect to several parameters. Since our work includes efficient evaluation of non-trivial maximisation problems, our method and implementations thereof are well suited for use in the reasoning 
mechanisms of more sophisticated agent based information systems, and it is quite straightforward to include a multitude of decision rules in this framework.
The evaluation principle described is based on the principle on maximising the expected utility, since that principle is at the core of rational agent behaviour. However, this principle is not the only reasonable candidate for a decision rule. It has often been argued that various axiomatic theories proposed to support the principle [27] are too strong, cf. [28] . It has also been demonstrated that several axiom systems are too weak to imply the principle and that it seems very hard to design such a system [29] . A number of other criteria have been suggested in, e.g., [30] , [31] , and [32] . Therefore, it seems necessary to extend a framework based on the principle of maximising the expected utility by other criteria. One such extension is accomplished by using security levels for generalising rules such as maximin and minimax [33] . While a certain evaluation of a strategy results in an acceptable mean value, the consequences might be so dire that the strategy should be avoided. It might, for example, endanger the entire purpose of the system, and in that case even a report with a low credibility is too risky to neglect. In order to attain a high level of security when allowing the agents their autonomy and to be able to trust evaluations based on their reports, we argue that security levels should be imposed on the reports [34] .
